Efficient gene transfection by histidine-modified chitosan through enhancement of endosomal escape.
Chitosan has the potential to be a biocompatible gene carrier. However, the transfection efficiency of chitosan is low because of the slow endosomal escape rate. The buffering capacity of histidine in the endosomal pH range would help the escape of plasmid DNA (pDNA) from endosomes. In this study, histidine was introduced into chitosan to improve the transfection efficiency. Chitosan and histidine were linked by disulfide bonds provided by 2-iminothiolane and cysteine. The complexes were prepared by mixing chitosan or histidine-modified chitosan with plasmid DNA. A broader buffering range of histidine-modified chitosan was observed, and the cellular uptake of histidine-modified chitosan/pDNA complexes was higher than that of chitosan/pDNA complexes. Although chitosan/tetramethylrhodamine (TMR)-pDNA complexes were trapped in the vesicles in cytosol, TMR-pDNA carried by histidine-modified chitosan was more widely distributed in the cytosol. This result suggests that histidine can help pDNA escape from endosomes with the help of the high buffering capacity. The gene expression of histidine-modified chitosan/pDNA complexes was higher than that of chitosan/pDNA complexes. These results suggest that histidine modification improves the transfection efficiency of chitosan.